We experimentally demonstrated the storage and retrieval of THz-bandwidth single photons in a room-temperature diamond quantum memory. We have shown that the non-classical nature of retrieved light is preserved by the memory process. Quantum memory schemes often use laser pulses attenuated to the single-photon level [6] . However, the transition from storing attenuated classical light to genuine single photon states proves difficult. First, most quantum memories operate close to resonance of a dipole transition and so are limited to sub-GHz storage bandwidths [3] . Sources to produce such photons require extensive engineering to cater the frequency and bandwidth of photons to the memory [2] . Second, intense laser beams performing the read and write operations often introduce detrimental noise. Where storage of non-classical has been achieved, laser-cooled [2] or cryogenic substrates [7] are required to reduce noise.
A quantum memory for light is an essential building block for many promising quantum technologies. Implementations of photonic quantum memories have come from many different avenues including single atoms in a cavity [1] , ultracold atoms [2] , atomic vapours [3] , molecular gases [4] , and rare-earth dope crystals [5] .
Quantum memory schemes often use laser pulses attenuated to the single-photon level [6] . However, the transition from storing attenuated classical light to genuine single photon states proves difficult. First, most quantum memories operate close to resonance of a dipole transition and so are limited to sub-GHz storage bandwidths [3] . Sources to produce such photons require extensive engineering to cater the frequency and bandwidth of photons to the memory [2] . Second, intense laser beams performing the read and write operations often introduce detrimental noise. Where storage of non-classical has been achieved, laser-cooled [2] or cryogenic substrates [7] are required to reduce noise.
In this work we overcome both these obstacles by demonstrating the storage and retrieval THz-bandwidth single photons in a room-temperature diamond quantum memory. Heralded THz-bandwidth are generated by spontaneous parametric downconversion and stored, via an off-resonant Raman transition, in an optical phonon mode in bulk diamond. The bandwidth of the memory is limited only by the 40 THz splitting between the ground and storage states. Additionally this 40 THz splitting reduces the noise floor of the memory to the quantum level, even at room temperature [8] .
In our experiment, detailed in [9] , we pump a 1mm BBO with frequency-doubled light from an 80 MHz pulsed Ti:Sapphire with 800 nm wavelength to produce THz-bandwidth signal photons centred 723 nm and herald photons centred at 895 nm. Initially we measure the heralded g 2 (0) of the signal photon to be 0.04 ± 0.01 using a Hanbury Brown-Twiss arrangement [10] . Signal photons are then incident on a 2.3 mm diamond cut along the 100 face, where they are absorbed in to an optical phonon mode of the bulk diamond lattice. This process is mediated by a strong write laser pulse with wavelength centred at 800 nm. With 12.5 nJ in the write pulse we measure 20% write efficiency into the diamond, where the photon has a 260 fs pulse duration.
After some time τ a strong read pulse at 800 nm is incident on the diamond, retrieving the photon via the reverse of the Raman process previously stated. With 6.25 nJ in both the read and write pulses we observe a 10% write efficiency and 9% read efficiency, giving a total memory efficiency of 0.9%. We note that both the read and write efficiencies grow linearly with pulse energy. The exponential decay in read efficiency has a 1/e lifetime of 3.5 ps which is over 13 times longer than the incident photon pulse duration. Upon retrieval from the memory, we couple light into a 50:50 fibre beamsplitter in order to perform a g (2) (0) measurement. For a storage time of 0.5 ps we measure g (2) (0) = 0.65 ± 0.07, five standard deviations below the classical limit [11] . We observe retrieved light to have non-classical statistics for up to 2.5 ps.
We have demonstrated a room-temperature quantum memory in bulk diamond which preserves the non-classical nature of single photons with on-demand storage and retrieval. The diamond memory is a promising testbed system on which to develop local quantum processing protocols. (2) (0) as a function of storage time in the memory. Classical light cannot exhibit a g (2) (0) < 1. Retrieval of non-classical light was found for storage times up to 2.5 ps.
